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J*-h AT 1000 P8IA 00KBU8TX0H FBB88UBI 

BT 

Delbert 1. Hobison 

.  X.    ZmBOSOOTIOH 

The research program,  of which the experiments reported herein 

form a part, it concerned vith obtaining experimental data pertinent to 

tha performance and general characteristics of a roekat aotor operating 

at high combustion pressures tming white fining nitric acid (VISA) Ad 

Jot propuleion foal (JP-4)  as tha propellaate.    Sow of tha experieente 

were oondnetad using Jf-3 aa tha foal,  and aoaa using JKb* 

la addition to investigating rocket aotor performance, areraga 

heat transfer ratea were measured for the combustion chamber and tha nettle* 

At least 95 per cent of the theoretloal (fresen oeapoaltlon) ral- 

nea of apeciflo impulse for the propallanta was obtained at all mixture 

ratio* "by utilising a triplet type injector in conjunction with a turbu- 

lence ring similar to the one described in reference 1, 

II.    FlfiJOBHANCE AHS BaAT TBAHSRR AT 
1000 PSIA 00MBUSTI0N PBIflSUBl 

figure 1 presents the epeoific Impulse I    ,  tha threat oaeffi- 

olent 0_, and tha oharaotarlatic Telocity 0*t uncorrected fer the heat 
* i 

transferred to the cooling water, as functions of the mixture ratio • 

The theoretical values far VISA and n-ootane, baaed on fresen equilibrium 

compooltlon (referenoea k and 5) ere el so presented for comparison.    It 

la aeen that the maximum values of specific impulse,   thrust coefficient, 

"      „.. ""        ../,       oxidlsor weight flow rate 
X.    Mixture ratio - 0/J -        ^gr ggji ^ f>t> 

1 
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and oharaotorietic velocity occur at a mixture ratio of approximately 

H.6. Iheir r*sp*ctiv* values are I • 248 lb oeo por ID, 0- « 1«55» 

and 0* • 5150 ft par too. 

figure 2 present* the experimental •pecific impulse corrected 

for the heat transferred to the cooling water,  Z      , and Is compared with •po 
the theoretical values mentioned above.    A smooth curve drawn through the 

experimental points Indicates that the maximum oorreoted specific impulse 

is 256 lb-sec per lb and secure at a mixture ratio of 4.6»    I*. the mixture 

ratio rang* 4 to 5*5 there is little difference between the experimental 

ralues of I  and the theoretical values. 
•P 

In the mixture ratio range* 2.8 to 4 and 5*5 to 7*8 th* experi- 

mental values of I  are smaller than the theoretical values, and the 
•P 

difference between the two valuee tends to Increase as the mixturs ratio 

departs from the optimum value of 4.6. Since one injector, in conjunction 

with a turbulence ring, was employed over the entire mixture ratio range 

of 2,8 to 7*8* the differential pressures acting on the oxidizer and fuel 

orifices differed widely at the extreme limits of the mixtur* ratio range. 

lor example, the preasnre drop across the fuel orifices decreased from 

200 pal for a mixture ratio of 3 to 50 P*1 for a mixtur* ratio of 7. whil* 

th* corresponding pressure drops for the oxidizer orifice* increased from 

120 psi to 2U5 psi. It seem* reasonable to assum* from previous work 

conducted at this laboratory that if the experiment* had been conducted 

with several injectors, each designed for the particular mixture ratio 

being studied, the difference between the corrected experimental values 

of I  and the theoretical value* would be much •mailer, 
•P 

Vhen the rocket motor was operated with rich mixture ratio* 

below 3» the combuatlon tended to be rough, but no serious instability 

was encountered.  "Smooth" sounding, stable operation was obtained in 

the mixture ratio range of 3 to 5« Vith mixture ratios leaner than 5.5, 

unstable combustion was generally encountered, but not always* Stable 

operation was obtained at leaner mixture ratios with the first 6-point 

3 
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MIXTUR£ RATIO, C/F BY WEIGHT 

Fig. 2   Specific Impulse Corrected for Heat Transfer v» Mixture Rath 
for WFNM and JP-4at 1000 psia  Combustion Pressure 
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injector (2tl-6M) employed than with the ••oond (2U-6S-2). five only 

difference between the two injectors was that the pressure drops aoress 

tho oooond vu slightly lower. 

figure 3 presents tho average heat transfer fluxes for the com- 

bustion chamber, the nossle, and the o*er-all heat tmmf+r flux for tbe 

rooket setor.    She srer^all heat transfer flux is defined as the ratio 

of the SUM of the nossle and the combustion chamber heat transfer rates 

te the combined inside surface area of the two components,    fixe oversell 

heat transfer flux does not Include the heat transferred (approxiaately 

6 per cent of the total)  te the turbulence ring. 

11though the data presented in Tig. 3 ore somewhat scattered, 

the dependency of heat transfer on mixture ratio is quite evident.    Tbm 

tread of the data indicates that the maximum value for the average heat 

transfer flux for the nossle vae 8*3 B/see-in   and occurred at a mixture 

ratio of U.S.    fiie average heat transfer flux for the combustion chamber 

was a maximum at a mixture ratio of H.J>, having the value k»2 B/seo-ia . 

ftse detailed experimental data obtained at 1000-psis combustion 

preesure are tabulated ?•» fable 1, Appendix A* 

Ill 4    1I1I0T Of CCKBUSnOH PHX8SURI 01 FXRYOBMAHOS AND SLAT THAN3] 

Zt ie of interest to compare the performance of rocket motors 

operating at 100O-p*ia oembustion preesure with that of motors operating 

at combustion pressures of 300,  300,  and 700 psia.    &» performance of 

Vila and JB-3 'or the latter eoabustlon pressures is presented in refer- 

ences X and 2,  and was obtained under the same program as the 1000-psla 

data reported herein.    Qeemstrieally similar motors, each developing 500 

pounds thrust, were employed throughout the program. 

fhe effect of combustion pressure on the corrected speoifia la- 

pules for mixture ratios of 3.0, U.5, and 6.0 is Jim in Tig. k*    Ixcept 

for p    - 1000 psia and o/f«4,5,  the experimental values are all lower than 
k 

the theoretical values, the average differences being 1*4 per cent for a 

mixture ratio of U.5, and 3*6 per cent for mixture ratios of 3*0 and 6.0. 

The experimental specific Impulse may not represent the maximum values 

that can be attained for mixture ratios of 3 *nd 6* Shay do, however, repxe- 

sent the performance that can be expected if one injector is employed for 

5 
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Fig. 4.     Variation of Spool fie Imputso Corroctod for Hoot 
Transfer with ComtatHon Prosaun at Dffformt 
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the mixture ratio rang* of 3 to 6. 

Iho variation of tho experimentally determined specific impulse 

with combustion pressure is represented closely "by the exponential curve 

<x«Ji - ^J^'  - *! w tpc  1 tpO  H peg O 

in which Oin oonetant and a it the elope of the experiaentel curre. 

Both the exponent a and the constant 0 hare different values for different 

aixture ratios* 

••ploying two polnte on each experimental ourve shown in fig. 4, 

the following equations were determined for the combuetion proseuro range 

of 300 to 1000 peia.    Tor the optiaua mixture ratio 4»5»  th* maxiBua cor- 

rected speoiflo impulse is given by 

X^ - H3.2 P0
0ai8H     - 0.5 lb-eec/lb (2) 

Tor the aixture ratio 3*0, 

I        - 110.2 p °»*090     • 0.5 lb-sso/lb (3) epc o 

and for tho mixture ratis 6.0 

Tigure 5 shows the sffect of oombuotion pressure en the heat 

transfer.    The shaded areas represent the maxima and »<«<»ft  due to scat- 

tering of the data for the peak heat transfer flux, for combustion pressures 

of 300, 500* ?00, and 1000 psia.    At each pressure,  the maximum average 

heat transfer flux was obtained in the mixture ratio regime h.5 to 5*    *ke 

maximum heat transfer fluxes for the noszle and the combustion chamber at 

1000 psia are both approximately 3 times the respective values measured 

at 300 psia. 

file experimentally determined heat transfer fluxes are repre- 
• 2 seated within - 0.5 B.seo-in   by the following linear equations! 

8 
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Fig. 5.  Variation of Af   Tmum Hoot Transfar Flux 
with Combustion Prsssun. 
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lotxle,  g^/A^ - 0.00766pc*O.OU (5) 

Charter, o^/A^ - 0.00419 p0 - 0.39 (6) 

It it Interesting to note that the no 1 tie heat transfer flux is essentially 

direotly proportional to the ooaibustlon pressure, cod that vithin the soat- 

tor of the experimental data,   the oombustion chamber heat transfer flux 

oonld also "bo considered as being proportional to the combustion pressure. 

Soring the oourse of the experimental work a short inrestigatioa 

vas aade of the suitability of available oeraade Materials as liners for 

the ooabustion chamber and nestle of a 500 lb thrust rocket motor opera- 

ting at 1000-psia.    All of the ceramic liners failed in lees than one 

second of operation, but the ceramic lined combustion chambers were un- 

damaged after firing durations of 10 seconds.    Bo effort vas made, how- 

ever,  to establish the life of those liners. 

IT*    00I0LU8I0I8 

1. Bxe maximum performance of a rocket motor operating on VISA 

and J?-h at 1000-psia combustion pressure and producing 5°0 pounds thrust 

occurs in the mixture ratio regime 4 to 5»    More specifically,  the trends 

of the experimental ourves indicate that a maximum specific Impulse of 

256 lb-sec/lb can be obtained at a sixture ratio of 4.6.    fiiie is a 4.5 

per oent increase above the maximum value obtained at 700-psla combustion 

pressure, and 15.U per cent greater than the maximum value obtained at 

300-paia combustion pressure. 

2. fits theoretical apecific impulse based upon the frosen equi- 

librium compositions given in reference 4 olosely approximates the experi- 

mental corrected values in the mixture ratio regime 4 to 5«5«    J&r mixture 

ratios less than 4 and greater than 5»5»   the experimental values vere 

lover; e.g.,  3 por cent lees at a mixture ratio of 7»5» *&d 1*7 per oent 

less at a mixture ratio of 3*0.    Zhe departure of the experimental per- 

formance from the theoretical values for mixture ratios above and below 

the optimum range may have been due to poor mixing provided by the injector. 

10 
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Zt may,  therefor*, be possibl* to lnprore the performance at the extreme 

mixture ration by employing an lnjeotor designed for the required mixture 

ratio, 

3.    Ibr the oombuetion preeaure range 300 to 1000- pels, with 

mixture ratios between 3 and 6,  the speoifie impulse corrected for the 

heat transferred to the oooling water can he represented within 1 per 

oent by the exponential equation 

I        -Op" spo *o 

la which 0 and a are constants whioh depend on the mixture ratio. 

U, She maximum arerage heat transfer fluxes obtained at 1000- 

peia ooabustlon pressure for the nozzle and the combustion ahamber ere 

both approximately 3 times these obtained at 300 psia. Vitbln the experi- 

mental error, the noscle and oombustion chamber heat transfer fluxes can 

be expressed as linear functions of combustion pressure, and are both al- 

most directly proportional to the combustion pressure* 

5. So difference between the performance of J9-k and WJIa 

and that of JP-3 *°& ****- **• detected. 

6. It appears that ae good performance can be obtained with 

a ^-Impingement point triplet lnjeotor as with a 12-impingement point 

triplet injector when either Is employed in conjunction with a turbulence 

ring* 

7. H  is difficult to obtain stabls combustion throughout the 

complete mixture ratio range of 2.8 to 7*6 with only one injector. Un- 

stable combustion occurred more frequently for mixture ratios leaner than 

5«5» *» operate orer euch a wide range of nixture ratios with one injector 

and still maintain supercritical pressure drops across the Injector ori- 

fices may require differential pressure of the order of 300 to UOO psi at 

the extreme onde of the range. It ie realised that the phenomenon of in- 

etability is not as yet well understood, and that the lnjeotor pressure 

drop and the quality of the mixing of the propellante after injection may 
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or may net be the principal oau*e of the combustion Instability. 

8. a water-cooled copper nozzle can be employed satisfactorily 

at 1000-psia ooabuation pressure with a coolant flow rate ef approximately 

1 lb per sec, and a pressure drop ef approximately 760 psl.    Zt appears, 

however, that tho copper nozzle will require some type of external support* 

for example from the filler block,  to prerent buckling. 

9. Hone of the ceramic materials tested    it   satisfactory t%r 

the nosslee of uncooled rocket no tors which are to operate at maximal per- 

formance at 1000-psia combustion pressure. 

10.    Zt may be possible that oersmio liners may withstand the 

conditions prevalent in the eoabustlon chamber, but more experimental 

information is required te eetabllsh that conclusion. 

T.    OU0RZ7B0I Of XXFKRZKEIzil SOOCBT KOfOlfl 
• 

Pour rocket motors,  each baring an L* ef 100 and designed te 

produce 300 pounds thrust, were employed for the investigation conducted 

at 1000-psia combustion pressure.    Three of the motors were uncooled end 

were utilised for obtaining starting-up characteristics and preliminary 

performance information.    One of the uncooled motore consisted ef a nia- 

frax combustion ohambsr and nozzle cemented in a mild steel retainer. 

The second uncooled motor comprised a "Borellte I- nozzle and combustion 

chamber cemented in a mild steel retainer.    Die third uncooled motor con- 

sisted of a stainless steel combustion chamber and a solid copper nozzle* 

She fourth motor was water cooled and was the one employed t»r 

obtaining all of the performance and heat transfer data reported herein, 

figure 6 ie a cross-section through the experimental motor.    Figure 7 1* 

a photograph giving an exploded view of the motor assembly.    The combus- 

tion chamber comprised an AZ8Z  type 3^7 •talnleos steel cylinder with 

helical grooves machined in the outer surface to form a helical coolant 

passage of rectangular cross section.    Two combustion chambers of the 

latter design were employed during the investigation. 

12 
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Three water-cooled oopper nozzles were employed in the court* of 

the investigation.    One nozzle employed a helical coolant passage formed 

by silver soldering oopper wire to the outer vail ef the oopper liner* 

fiiat design proved to be unsatisfactory because the high coolant pressure 

defomed the wipe thereby obstructing the coolant passage.    In the tvo 

other oopper nozzles the helical ooolant passages were machined in their 

outer walls,    figure 8 illustrates the method employed for introducing 

the cooling water around the nozzle.    The arrangement shown provides a 

uniform decrease in oross-ssotional area of the ooolant passage from the 

ooolant inlet seotien to the wall of the oopper nozzle, and in addition 

eliminates stagnation ef the ooolant at the inlet and outlet sections. 

three triplet-type injectors were employed during the course 
- 

of the experiments? on* had 12 impingement points, and two had 6 impinge- 

ment points. The general configuration is illustrated in Tig. 6. acid 

is ejeoted from the outer and inner rircles ef holes, while fuel is ejected 

from the circle of holes leoated between the two. All of the reported 

data were obtained with a triplet-type injector operating In conjunction 

with a turbulence ring. Bach lnjeotor was designed to pro-vide a pros stars 

drop greater than 50 psi for the mixture ratio regime 3 to 7* &** pres- 

sure drop versus flow rate characteristics for the turbulence ring and 

for each injector are presented in Tigs. 9. 10, 11 and 12* 9he type ef 

impingement and the resulting spray pattern produced with water by the 

12-point injeotor is shown in Jig. 13. The photograph was taken before 

the injector was employed for a firing test, figure Ik is a photograph 

of the spray pattern produced by the same injector when equipped with a 

turbulenoe ring. 

TZ.  IBSCBZPIZOH Of APPABATUB AHD IH8THJMEHTATI0N 

Accept for the following changes, the test apparatus employed 

for the experiments reported herein was identical to that described in 

references 1 and 2. 

• Waterman flow control valve was installed at the coolant out- 

let section of the combustion chamber, and was adjusted to provide a flow 

15 
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rat* of 1 lb per sec,  an inlet pressure of approximately hO0 psia, end 

an outlet pressure of 230 peig.    3&e ooolant (water)  for the ooabustion 

charter vas supplied by a centrifugal pusrp. 

An air-pressurised cooling system vas utilised for supplying 

cooling water to the nossle*    the flow rate vas adjusted to approximately 

1 lb per see by means of a hand reive connected to the nossle ooolant 

outlet.    5he ooolant pressure vas adjusted to approximately 1000 pslg at 

the inlet and 800 pslg at the outlet*    Since the ooolant supply tank vas 

pressurised from the same compressed air supply used for pressurising the 

oxidlser supply tank,  the nossle ooolant pressure and flov rate raried 

slightly from one firing test to the next depending upon the propellent 

mixture ratio. 

the bipropellant ralre employed vas salTaged from YHL13-AJ-5 

JAJO unit and vas modified to prowl do a more pool tire shut off and a 

slower opening speed.    She pintles vere redesigned la the manner pre- 

viously described in reference 3« 

Beluotanoe type transducers,   described In references 1 and 

3 vere employed for measuring pressures,  differential pressures,  and 

thrust,    the flows of ooolant water to the noszle and combustion chamber 

vere measured by means ef llowrators, and the flow of ooolant vater to 

the turbulence ring calculated by means of Tig. 9 from measurements of 

the upstream ooolant pressure during the run.    All other flows vere meas- 

ured with sharp-edge orifices in conjunction with reluctance type differen- 

tial pressure transducers*    A more detailed discussion of the instrumenta- 

tion and testing procedures employed is presented in reference 3* 

YXZ*    DISCUSSION 07 1XPIHIKMB 

Bans 172 to 180 were made primarily to obtain information con- 

cerning the operating characteristics of the entire system.    Ihe first 

run (Bun 172) at 1000-psia combustion pressure wee made with an uncooled 

motor (steel combustion chamber and oopper nossle)  to obtain starting-up 

characteristics.    She motor started smoothly,  but a minor explosion oceured 
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on thut-dewn.    lor m 173*  the water cooled oonbuetion chamber wee em- 

ployed.    So* oombuttlon chamber performed satisfactorily, but the unsealed 

oopper sonle burned out In lees than 5 teoondt.    A water-oeoled nettle 

vat inttalled and the aeter vat run at 700-ptia eoabuttien pretture.    She 

nettle burned out at the threat after 35 teoondt of operation.    Judging 

from the potltlon of the toale depotlt In the ooolant passage,  the turn- 

out*1 vat oauted by boiling ef the coolant.    Bone 175 te 179 vere made with 

the ceramic motort te obtain more oomplete information en operating ohareo- 

terittict.    ill of the ceramic nottlet burned out at the threat in lett 

than 10 teoondt.    In moot inttancet the burnout ttarted in leee than erne 

second..    Jlgure 15 it a photograph ef one ef thoee nottlet after firing 

thovlng the burnout at viewed from the divergent end of the nottle. 

A water-cooled copper nottle (V0-0u-l) vat inttalled for San 

180.    After 3 *eo of running the nottle ooolant flow rate deoreaeed and 

the motor vae ehut down*    Choking of the ooolant flow due te the genera- 

tion of tteam in the ooolant paeeage appeared to be the oauee ef the decrease 

in the ooolant flow rate. 

A larger coolant flow rate vat employed for Ron 181.    the meter 

performed tatltfaotorily for 2k tec    After the ehut down, however, a 

•mall hole wae discovered in the nottle just downstream from the threat* 

Disassembly of the nozzle ehowed that the high ooolant pre1sure had forced 

the oopper nozzle away from the filler block,  and had allowed the ooolant 

to by-pact the ooolant passage.    Evidence of boiling vat pretent in the 

region ef the burnout,    She ooolant paieage of the latter nottle vat formed 

by tilver tolderlng a oopper wire around the oopper notzle* 

Tor Bunt 182 te 1&7 a oopper nottle (V0-0u-2) having machined 

eoolent passage• and a uniform wall thieknett (0*15 la) vae employed, 

fiiat nottle performed satisfactorily for run durations up te 39 Me* 

After Bun 187 the nottle had become deformed due to the high ooolant pree- 

sure to which it had been expend.    It vae replaced by a new nottle (WO-Gu-3) 

which vat designed with a tapered wall to improve itt ability to retitt col- 

lapse when exposed to high coolant pressures.    The deformation occurred 
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Fig. 15.   Divergent Section of Ceramic Nozzle Showing Burnout at Throat 

Fig.   16.    6-point Injector Showing Burned Area Around Injection Orifices 
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principally at shut-dovn vhen the nottle vas hot, and was unsupported "by 

the gas pressure, 

The thickness of the vail vaa Increased to j/l6 la at the com- 

bustion ehaaher end,  tapered uniformly to 0.212 la at the threat, and 

then increased uniformly te 0,25 ia •>* not tie exit.    A l/l6 la deep eeelaat 

passage was machined in the outer vail of the nottie*    She no tile assembly 

inoluded a split filler block,  equipped vith springs, for holding the 

block firmly against the) lands of the ooolant passage,    figure 6 illus- 

trates the nettle assembly.    Satisfactory operation ef the nestle design 

preeented in Tig. 6 vas obtained throughout the remainder ef the inveetl- 

gation (Bans 188 te 20*0.    She aboye mentioned design did net totally pre- 

rent the oepper nostle from creeping away from the filler block.    After 

approximately three or four runs it vas generally neoessary te foree the 

oepper lands back against ths filler block.    This vas dene by drlring 

tve iron cones simultaneously into the converging and diverging sections 

ef the nostle. 

A 12-impingeaent point triplet-type injector vas employed t%r 

Suns 172 ts 187*    Slight burning sf the injector face in the region of 

the fuel holes occured during each run.    Moreover,  the small fuel holes 

employed vith the aforementioned injector tended to plug up vith carbon; 

the small holee vere required to produce a reasonable pressure drop sorest 

ths fuel holee.    Whether the plugging occurred during the starting-up 

period, during the run, or at ahut-dovn vas not determined* 

To overcome the plugging of the fuel holes encounterad vith the 

12-polnt injector,  the latter vat replaced by a 6-polnt triplet injector 

(2ll -oT-l).    The latter vaa designed to provide a higher preosurs drop 

across the injection orifices and better cooling of the dovnstreaa face 

of the injector.    Injector    2tl-$T-l    vae employed for Buns 189 te 195* 

figure 16 shove the injector face after it had been used for 7 runs.    A 

small amount of burning occurred principally around the inboard acid ori- 

fices.    The burning appeared to etop after it had progressed to a depth 

of approximately 0.05 in, leaving a vail thickness of approximately 0.1 inch. 
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Aa explosion caused by leakage of the starting fa»l (fur fury 1- 

aloohol mixed vlth aniline) lato the acid aaalfold occurred oa Boa 195» 

aad tht injector aaalfold section vaa damaged beyond repair, fha aaal- 

fold Motion vaa replaced vlth anothor of idoatioal deeign. Meaaureaonte 

of tha praaaura dropa aoroaa tha aoid aad fuel holaa af tha aav injector 

ehowed thaa to be somewhat smaller than thoaa for tha previous injector 

for tha earn* flow rataa (aaa Jigs. 11 aad 12). A bipropellant valve eal- 

vaged froa a TBL13-A J-5 JASO unit vaa aodlfled to prevent leakage of tha 

propallaata into tha injaotor aaalfolda by including O-riag aaala la tha 

pintiea. la addition, tha Saflon aaata vere replaced vlth aluminum seata. 

The redaeigned bipropellant ralra operated satisfactorily far the reaalader 

of the investigation, Buna 196 to 20H, 

J?-3 vaa need aa the fuel for Buna 172 to 193* for Buna 19* 

ta 20h inslualre the fuel vaa J?-h. Mo distinguishable dlffereneea vere 

ebaerred in the t tar ting-up, the combustion, and the performance oharao- 

terlatlea of J?-3 and JP-4. 

nil. BXPBBIHXIIAI XBBOB 

The oalculationa of parforaance and heat transfer far the roeket 

aetora vere aade on an IBM card program computing machine in tha manner 

previously deecribed in reference 3* 

ftxa method employed for eatlmatlng the accuracy ef the experi- 

mental performance ia alao dioouaaed in detail in reference 3* Bmploy- 

ing the ouatomary differential oaloulua method for email errora, tha ex- 

pected maximum error in the performance parameters vere calculated for 

Bon 20* by aeana ef the IBM computer, the errera being 1*5 par oant tn 

the specific impulse, l.H per oent for the thrust coefficient, and 1,9 

per cent for the characteristic Telocity. Though the error a rary slightly 

from one run to the next, they are of the oame order ex those glren abov*. 

TOT  the data employed in Jlgurea 1 and 2, the maximum derlatlea 

of the combustion pressure from 1000 paia vaa 2.9 per oent; however, the 

average deviation was 1.0 per cent. The maximum soatter of specific 
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impulse duo to tho deviation of oombuution pressure io froa equation 2 

(•oo alto Jig. *0 - 0.9 oo« and tho arer&ge ooattor lo 0*3 eem for a sdx- 

turo ratio of U.6." Thue tho of foot of tho dorlatlon in oombuetion pressure 

froa 1000 pola io within the accuracy of tho experimental measureeents. 

figures 1 and 2 do not include the rune which are Barked with an 

aeteriek in Table 1, Appendix K    Some of the rune eo aarked were utilieed 

only for testing the startiag-up oharaoterietioo of the motor. Za others, 

instrumentation or aoohanioal failure in the eyetea produood unreliable 

information* It may he noted in the comments of Table 1 that instability 

vao encountered during the rune which are aarked with a double aeteriek* 

In many instances during an unstable period of the run the variation of 

propellent flow rate and oeolant temperature was so large and ee rapid 

that the respective recording instruments could not respond accurately, 

figure 17 shows the oscillograph reoord of Hun 202, and illustrates the 

transition froa unstable to normal combuetion. During the run the com- 

bustion alternated to and from unstable operation several times with no 

definite period of transition., Tor coaparieon a smooth run ie ehown 

in Tig. 18. 

The inability of the recording potentiometer to record the 

pressure drop across the metering orifice employed for determining the 

propellent flew rate when unstable ooabuetlon was encountered* is illus- 

trated in Tig. 19. figure 19 shows the trace of the oxidisor metering 

orifice pressure drop obtained froa a stable run (Bun 204), and the trace 

from an unstable run (Bun 202). The etable and unstable periods can be 

detected easily by oomparing the trace with the oscillograph record in 

fig. 17* Daring etable operation (normal combuetion oscillation) the 

trace is relatively flat, but during unstable operation the trace venders 

or drifts. Judging from the oscillograph record, particularly that of the 

noszle coolant temperature (potentiometer trace not ehown), the trace pro- 

duced by the recording potentiometer because of its drifting character 

does not indicate the correct average value of the flow rate, but rather 

indicates the inability of the recorder to assume an average value when 

there are combustion vibraticne. 
26 
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Fig. 19. Recording   totentiometer Trace of Pressure Drop for 
Acid Flow Rate Orifice Meter Illustrating a Stable 

and Unstable Run. 
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